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ABSTRACT 



Context. We use the first XMM serendipitous source catalogue (1XMM) to compile a sample of normal X-ray galaxies 

Aims. We seek to expand the database of X-ray selected normal galaxies at intermediate redshifts and examine the relation between 

X-ray emission and star formation for late-type systems 

Methods. The candidates are selected based on their X-ray (soft spectra), X-ray to optical (log(/ x //„) < -2) and optical (extended 
sources) properties. 44 candidates are found and 35 are spectroscopically observed with the Australian National University's 2.3 m 
telescope to examine their nature. 

Results. Of the 35 sources observed, 2 are AGN, 11 emission line galaxies, 12 absorption line galaxies, 6 have featureless spectra 
while 4 are associated with Galactic stars. We combine our emission line sample with earlier works forming the most comprehensive 
X-ray selected galaxy sample for the study of the X-ray luminosity to the Ha luminosity - a well-calibrated star-formation indicator - 
relation. 

Conclusions. We find that the X-ray luminosity strongly correlates with the Ho- luminosity, suggesting that the X-rays efficiently trace 
the star-formation. 

Key words. Galaxies: starburst - X-rays: galaxies 



1. Introduction 

X-ray emission from normal galaxies (i.e. galaxies which do 
not host an AGN) has been targeted by X-ray telescopes 
since the early years of X-ray astronomy. Normal galax- 
ies are generally divided into two broad morphological cat- 
egories, late-type (spirals and irregulars) and early-type (SO 
and ellipticals). Early studies of opti cally selected samples 
of ear l y-type galaxies with E INSTEIN (Trinchieri & Fabbiano, 



oi ear i y-t^ . 

1985; Fabbia no et all |T987) have examined the relation be 
tween the X-ray, the blue optical and radio luminosities and 
argued that the X-ray luminosity arises from a combination 
of low-mass X-ray binaries (LMXRBs) and hot gas (e.g. 
Form an et all ll979). On the othe r hand, the X-ray study of late- 
type systems with EINSTEIN jFabbiano & Trinchieril 119851; 
Fabb iano. Gioia & Trinchierll 1 19881) has revealed a different 
kind of X-ray correlation for the radio (shallower) and blue 
(more linear) luminosities, as well as a correlation between X- 
ray and infrared luminosity, suggesting a link with on-going 
star formation or starburst activity. Optically selected sam- 
ples of normal galaxies observed with ROSAT generally con- 



firmed the above picture. Studying the X-ray emission of spi- 
ral galaxies and analyzing it s com pact and diffuse components, 
Read, Po nman & St rickland ( 119971) have shown that its origins 
are hot diffuse continuum, supernova remnants and high-mass 
X-ray binaries (HMXRBs), phenomena which are related to star 
formation activity, and th at their relative strength is also related 
with the galaxy's activity (Read & Pon manlbOOll) . 

The above studies are restricted to optically selected samples 
of normal galaxies in the nearby universe. The advent of the 
second-generation X-ray telescopes (Chandra and XMM) has al- 
lowed for the first time the compilation of X-ray selected normal 
galaxy samples. Their se lection is usually based on low X-ray to 
optical flux ratios (see IHornschemeier et all |2003[) and optica l 
spectral properties (e.g. lNorman et all l2004tlBauer eUull200!l) . 
Searc h es for norma l galaxies in broad (e.g . [Geo rgakakis et all 
2003, 12004 120061: IHornschemeier et all l2005t iTaier etall 
2005; Tzanavaris, Georgantopoulos & Georgakakis, 2006) 
and d e ep (e.g. lAlexander et all 120021; IH ornsche meier et all 



2007) sur- 
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120031; iNormanetall 12004 iGeorgakakis et all 
veys have provided a large number of X-ray selected 
galaxies. Using these samples, the luminosity func- 
tion of norma l galaxies has been established, both lo- 
cally (e.g. [Georgantopoulos, Georgakakis & Koulouridis, 
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120051: IGeorgakakis et all [2006b a nd at high er red- 
shifts (e.g. iNorman et all 12004 iPtak et al.L 120071: 
iTzanavaris & Georgantopoulosl 120081) . 

One of the most interesting properties of the X-ray 
emission of normal galaxies is its connection to star for- 
mation. New results have confirmed earlier findings that 
X-rays can act as a star formation indicator in late- 
type systems. The tight correlation of the X-ray luminos- 
ity with other star for mation indicators, such as infrared 
and radio luminosities ( Shapley. Fabbiano & Eskridgd 120011: 

~~ ax 



I Ranalli. Comastri & SettiT 120031) support this hypothesis. The 
X-ray emission of late-type galaxies comes from both their 
extended structures (spiral arms and the Galactic centre) and 
compact sources. Emission from the spiral arm s is tightly con- 
nected with star formation (Tyle r et all 120041) . while the con- 
nection to the Galactic centre is less well defined . The compact 
sourc es on the other hand are mostly HMXRBs dColbert et al.L 
2004) which are directly connected to sta r formation as end 
products of massive rapi d ly evolving stars (|Persic et all [2004; 
iPersic & Rephaelil l2007h. iGrimm, Gilfanov & Sunvaevl (12003 ) 
and lGilfanov. Grimm & Sunavevl (120041) reproduce the observa- 
tional characteristics of X-ray normal galaxies as a combination 
of discrete point sources and predict a steep (L x oc SFR^ with 
B > 1) L x - SFR relation when the star formation rate is low 
(< 4.5M yr _1 ) and a linear (B — 1) relation thereafter. 

In this pape r we expand the galaxy samples of 
IGeorg akakis et al. ( 2006]) and explore the relation between 
the X-ray and Ho- luminosities for emission line systems. 
This provides an insight in to the L x - SFR relation (see also 
lHorns chemeie r~et"ail 120051) . 



2. Sample Selection 

The first XMM Newton S erendipitous Source Catalogue 
(1XMM, WatsonetaLl[2003) is a compilation of source detec- 
tions drawn from 585 XMM-Newton EPIC observations made 
between March 2000 and May 2002, and released in January 
2003. It contains ~ 55000 sources, of which ~ 33000 are con- 
sidered safe detections and covers an area of ~ 90 deg 2 . From the 
1XMM catalogue we selected only sources which are observed 
for more than lOks to achieve a reasonable signal-to-noise ratio 
in X-rays and required the detection likelihood to be above 10 cr 
in the soft band (0.5-2.0 keV). Since we are aiming for normal 
galaxies, we limited our search sample to sources with hardness 
ratios < -0.2 (between the 0.5-2.0 and 2.0-4.5 keV bands) to 
avoid X-ray obscured AGN. This limit is unlikely to reject any 
normal galaxies sin ce their hardness ratio s are normally < -0.2 
(see e.g. Table 1 of ITzanavaris et alll2006l) . 

To identify these X-ray sources wi th optical counterp arts, we 
used the USNO-B optical catalogue dMonet et al.Ll2003l) . This is 
an all-sky catalogue of ~ 10 9 optical sources observed during 
various surveys over the past 50 years. We searched for optical 
counterparts to the X-ray sources in the USNO-B catalogue with 
a search radius of 6 arcsec (see Fig.[T). We limited our search to 
the southern hemisphere (S < 0) in order to be within the observ- 
ing range of the Siding Spring Observatory, and to avoid Galactic 
stars and high Galactic Nh we excluded sources that are within 
a belt of +20 degrees of Galactic latitude. We also avoided the 
areas of the sky close to the Magellanic Clouds, with an exclu- 
sion radius of 3 and 1 .5 degrees from the centres of the LMC 
and the SMC respectively. This left us with an initial catalogue 
of ~ 16000 XMM sources, of which 4700 are associated with an 
optical detection. 



A useful diagnostic to discriminate between normal galax- 
ies and AGN is t h e X-r ay to optical flux ratio (/ x // ). 
iHorns chemeie retaLI d2003l) found that optically bright X-ray 
faint objects (OBXF, which they define as having log(/ x // ) < 
-2.3) are almost exclusively galaxies with a contamination 
from stars. Moreover, A GN are usual l y confined in the area 
-1 < log(/ x // ) < 1 (IStocke et all I199U iLehmann et all 
120011) . For the purposes of this study we selected as nor- 
mal galaxy candidates s ources having log(f x // ) < -2 (see 
also IGeorgakakis et all 120041 iGeorgantopoul oset all [2005; 

b. This is a conservative limit and it 



IGeorgakakis et al.l 
might intr oduce a bias against massive ellipticals and powerful 
starbursts (ITzanavaris. Georgantopoulos & Georgakakisl ]2006; 
IGeorg akakis et al, 2007). On the other hand it minimizes con- 
tamination from A GN with low X-ray luminosities having un- 
usually low / x / / (ILehmann e t al., 2001). To calculate the X-ray 
to optical flux ratio we used: 

log(^) = log/ x + :^+5.5 



/c 



opt 



2.5 



(e.g. iHornschemeier et all [2003b . where / x is the (0.5-2.0) keV 
X-ray flux in erg s cirT 2 , and R is the magnitude from the 
USNO-B catalogue. 

Selecting our sources taking into account the hardness ra- 
tio and the X-ray to optical flux ratio, left us with a catalogue of 
713 normal galaxy candidates contaminated with a large number 
of Galactic stars, as they have similar observational characteris- 
tics. We used optical morphologies to identify and distinguish 
the stars from the g alaxies. For tha t purpose, we used the APM 
Sky Catalogued! (I rwin et all [19941) . which are a digitized com- 
pilation of the Palomar O and E sky survey in the northern and 
the UKST Bj sky survey in the southern hemisphere. They also 
include a star-galaxy separation parameter based on the extended 
nature of each source, which we used to select extragalactic can- 
didates. Visual inspection of the sources with the DSS2-Red im- 



age dLasker et all [1996) generally agrees with the star-galaxy 
separation from the APM; 98% of sources characterized as stars 
with APM are independently characterized as stars when opti- 
cally inspecting the images. 

The final catalogue consists of 44 normal galaxy candidates, 
listed in Table[2] Their DSS2-Red optical images with an indica- 
tion on the location of the X-ray source are shown in FigQ] The 
X-ray fluxes of the sources are calculated from the 0.5-2 keV 
count rates given in the 1XMM catalogue, assuming a power- 
law X-ray spectrum with F = 1.9. In Fig.[2]we plot the R magni- 
tude with respect to the X-ray flux for emission and absorption 
line galaxies. We do not observe any difference between early 
and late-type galaxies in terms of their relative X-ray to optical 
fluxes. 



3. Observations and Data Reduction 

Long-slit spectral observations were carried out at the 
Australian National University's 2.3 m telescope in Siding 
Spring, Australia, between 2006 October 23-29. We used the 
Double Beam Spectrograph (DBS) with dichroic #3 and 600 
lines/mm gratings. We set the central wavelength at 5 100 A 
(7000 A) in the blue (red) arm, thus obtaining continuous cover- 
age over the spectral region 4140 A-7965 A with a sampling of 
~ 2 A/pixel and with a 1" slit. As our observing run was partly 
affected by cloudy conditions, we were only able to observe 35 
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Fig. 2. /?-band magnitude versus X-ray flux for emission and 
absorption line galaxies in our sample, marked with filled and 
open circles respectively. Open triangles mark sources with fea- 
tureless spectra. Solid lines represent f x /f = 1 and -1, where 
the bulk of AGN are expected, and the dashed line represents 
fx/fo - - 2, our limit for normal galaxy selection. 

of the full set of 44 normal galaxy candidates. Standard cali- 
bration exposures were carried out, including comparison lamps 
and spectrophotometric standard stars for wavelength and flux 
calibration, respectively. 

Standard IRAF0 routines were used for data reduction. 
All frames were overscan and bias-subtracted. Observations 
at the same setting were combined to increase the signal-to- 
noise ratio (S/N) and to remove cosmic rays. Subsequently, the 
spectra were flat-fielded, sky-subtracted, wavelength- and flux- 
calibrated. Details of the observations can be found in Tab. Q] 
The signal-to-noise ratio is the ratio of the most prominent fea- 
ture of each spectrum, which for emission-line systems is the Ha 
line and for absorption-line systems the Na D doublet. 

4. Optical Spectral Properties 

We have obtained spectra for 35 of the normal galaxy can- 
didates, which are shown in Fig[3] For 29 sources we were 
able to identify emission and absorption lines, the most promi- 
nent of which are: Ha, HyS, Hy, [S II] (67 18 A), [S II] (6731 A), 
[O I] (6300 A), [O III] (4959 A), [O III] (5007 A), [Nil] (6548 A), 
[N II](6584 A) in emission, and Na D 1 (5898 A), Na D2(5892 A), 
MgIb2(5172A), FeG(4308A), CaHK(3934 & 3968 A) in ab- 
sorption. 1 1 galaxies are characterized as emission line systems, 
12 absorption line systems, while 2 sources show both emission 
and absorption lines and are characterized as composite and 4 
sources have stellar-like spectra. The redshifts of the sources 
with identified lines were calculated from the rest-frame fre- 

2 IRAF is distributed by the National Optical Astronomy 
Observatories, which is operated by the Association of Universities for 
Research in Astronomy, Inc. (AURA) under cooperative agreement 
with the National Science Foundation. 
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Table 1. Observation summary 



ID 


XMM name 


obs.date 


exp. time 
min 


S/N 


1703 


J005818.3-355548 


Oct. 


23 2006 


60 


32.1 


1774 


J005922.8-360933 


Oct. 


26 2006 


45 


3.6 


1778 


J005929.7-361113 


Oct. 


28 2006 


30 


34.0 


3654 


J022416.7-050323 


Oct. 


29 2006 


55 


- 


3716 


J022456.2-050801 


Oct. 


24 2006 


40 


2.5 


3773 


J022536.4-050012 


Oct. 


24 2006 


30 


84.7 


3776 


J022537. 8-050223 


Oct. 


24 2006 


40 


- 


3777 


J022538.2-050806 


Oct. 


25 2006 


45 


118.0 


3778 


J022538.3-050423 


Oct. 


29 2006 


30 


3.4 


4009 


J023613.5-523036 


Oct. 


23 2006 


40 


131.4 


4298 


J030927.5-765223 


Oct. 


28 2006 


40 


4.5 


4379 


J03 1256.5-765039 


Oct. 


29 2006 


30 


9.4 


4481 


J031723. 1-442056 


Oct. 


28 2006 


40 


4.5 


4736 


J031829.8-441140 


Oct. 


29 2006 


45 


23.7 


4765 


J031845.0-441042 


Oct. 


23 2006 


55 


11.4 


4927 


J033831.4-351421 


Oct. 


25 2006 


40 


6.8 


5570 


J043306.5-610760 


Oct. 


24 2006 


55 


3.3 


5663 


J043333.5-612427 


Oct. 


24 2006 


40 


2.3 


7355 


J055940.7-503218 


Oct. 


24 2006 


45 


2.7 


7400 


J0600 14.9-502230 


Oct. 


24 2006 


30 


- 


12281 


J201329.7-414737 


Oct. 


27 2006 


45 


79.2 


12308 


J201345.0-563713 


Oct. 


23 2006 


30 


2.0 1 


13137 


J213758.7-143611 


Oct. 


23 2006 


30 


61.6 


14402 


J221726.0-082531 


Oct. 


26 2006 


30 


2.6 


14541 


J2221 10.0-244749 


Oct. 


28 2006 


40 


- 


14608 


J222804.4-051751 


Oct. 


29 2006 


45 


- 


15022 


J225 149.3- 175225 


Oct. 


23 2006 


30 


153.7 


15393 


J23 142 1.6-424559 


Oct. 


24 2006 


40 


4.0 


15584 


J231851. 8-423114 


Oct. 


25 2006 


30 


2.9 


15631 


J232454.9- 120459 


Oct. 


28 2006 


45 


1.9 


15867 


J235340.6- 102420 


Oct. 


23 2006 


30 


3.2 


15892 


J235405.7-101829 


Oct. 


27 2006 


45 


1.3 


15926 


J235418.1-102013 


Oct. 


28 2006 


40 


14.3 


15997 


J235629. 1-343743 


Oct. 


25 2006 


30 


2.0 1 



1. S/N of the Mg I b2 line 



quencies by fitting gaussians to the line profiles. They agree with 
published values. 7 of the redshifts we obtained are not published 
in the literature. 

In cases of systems with emission lines, we measured 
their intensities and used the line ratios to trace signs of 
A GN. For this purpose, w e use the line ratio diagnostics 
of iHo. Fil ippenko & Sargenj d 1997b . which are based on the 
ratios of the [O III] (5007 A), [OI](6300A), [NII](6584A), 
[S II] (67 18 A) and [S II] (6731 A) lines with the Balmer lines 
(Ha and H/3). These line combinations ([OIII]/H/3 - [OI]/Ha 
- [N II]/Ha - [S II]/Ha) are selected to have small wavelength 
separation and therefore be insensitive to reddening (see also 
Veilleux & Osterbrock, 1987). Without including any reddening 
correction, we find that the emission line ratios are compatible 
with starburst galaxies for all the emission line systems. For sys- 
tems having composite spectra, the emission line ratios are com- 
patible with Seyfert nuclei. These are removed from our sample 
of normal galaxies. 

Sources which show no prominent features in their spec- 
tra are marked as "featureless" in Table [2] A featureless optical 
spectrum can indicate a BL Lac object (e.g. Lon dish et al.l l2002; 
ISbarufatti et aUl2006l) . The broadband spectra of B L Lacs show 
a var iety of X-ray to optical to radio flux ratios dBondi et all 
2001) and there are cases where BL Lacs are bright in opti- 
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cal and faint in X-rays dTroitskvi 120081) . The host galaxies of 
BL L acs are in mos t cases ellipticals or bulge dominated sys- 
tems (jFalomoL Ll996f) and optical images are consistent with this 
picture. We therefore cannot rule out that at least some of the 
sources with featureless spectra harbor AGN and we remove 
them from our final sample of normal galaxies. 

5. Starburst diagnostics 

A good diagnostic of the star formation rate is the lumi- 
nosity of the Ho- line, which is found to scale linearly with 
the SFR for nearby galaxies a nd als o at higher r e dshifts 
dKennicutt. Tamblvn & Congdonl [19941 iKewlev eTafl l2002t 
Rosa-Gonzale z. Terlevic h & Terle vichl 120021) . The X-ray ver- 
sus the Ha luminosity diagram is shown in Fig. [4] We cor- 
rected the derived H a luminosity for dust ex tinction using the 
reddening curves of Savage & Mathis (1979) and the flux ra- 
tio of the Ha and HB lines, assuming an intrinsic value of 2.76 
( Brockleh urstl 1 1 97H) . Our data points are plotted as open circles 
in Fig. H] while crosses represent the com bined sample of the 
1XMM survey oflGeorgakakis et al] d2006) and the NHS survey 
dGeorgakakis et all l2004jT 

Because our dataset has errors in both directions we choose 
a fitting method that deals with the two axes in a symmet- 
ric way. As such we ch oose the bis e ctor l ine and the orthog- 
onal regression method dlsobe et al.l |1990}) , which yield /3 = 
0.72 + 0.04 and /3 = 0.68 + 0.05 respectively when fitting 
L x - aL^ a . These are the solid and dashed lines in Fig. [4] 
These values li e within the uncertainty ran ges of the me asure- 
ments made by iGriffiths & Padovanild 1990b (0 70 + 0.1 2), IZezaH 
d2000t) (0.62 + 0.11), and [GeorgakakisetalJ d2006l) (0.69 + 
0.06) and they are not linear. If we attribute the X-ray emis- 
sion to a number of HMXRBs, the relation is ex pected to 
be linear dPersic et al.L l2004t IPersic & Rephaell 120071). I ndeed 
a li near relation is fou nd by iDavid. Jones & Formanl d 19921) 
and iRanalli et a l. (2003) for both soft and hard X-rays, using 
the far-infrared and radio (1.4 GHz) as star formation indica- 
tors. Non-linearity is expected in cases of very low or very 
high star formation rates, where, as a result of small num- 
ber statistics and hypothetical intermediate mass black holes 
respectively, i t is expected to be even st eeper with f3 > 1 
dGrimm et all 120031: bilfanov et all |2004|) . If we use the re- 
lation : SFR(M yr')=7.9 x lO-^LH^ergs" 1 ) dKennicutt et all 
1994), we are expecting the low-SFR cut at Ln a ~ 10 42 ergs _1 , 
which is within the range we are sampling (see dotted line in Fig. 
@). It is therefore puzzling that the L x - Lsfr rate appears flatter 
than linear. 

Such a behavior could be explained by the existence 
of other sources of X-ray emission not connected with star 
formation activity. As such we could consider LMXRBs, 
older supernova remnants or globular clusters (see e.g. 
Vogler, Pietsch and Bertoldi, 1997) and hot diffuse gas toward 



2004). If not linked with star 



the Galactic centre (Tyl er et al] 
formation, their relative contribution to the total X-ray luminos- 
ity would be stronger in galaxies with lower star formation rates, 
thus flattening the L x - Lsfr relation. 

The combined X-ray luminosity of LMXRB s is as sociated 
with the stellar content of the galaxy (Gil fanovl |2004|) . which 
can be examined from its luminosity in the K-band. For that pur- 
pose we search for counterpart s of the galaxies in our sample in 
the 2MASS survey catalogues dSkrutskie et all 12006). We then 
calcul ate the K-band l umino sities and use the mass-to-light ra- 
tio of iBell & de Jongl ((2001) to derive the stellar mass of each 
source. This is translated into the respective luminosity of the 
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Fig. 4. X-ray luminosity (in the 0.5-2 keV band) plotted against 
the luminosity of the Ha line for late-type galaxies. With cir- 
cles are plotte d the data-points of t his stu dy and with crosses the 
data-points of Georgakakis et al. (2006). Triangles and arrows 
represent the data-points (and respec tive upper Umits) o f the 
combined samp l e of lo cal spirals from Shapley et al. (200 1]) and 
iTrinchieri et al] d 19891) . The solid and dashed lines are the fits 
to the combined dataset using the bisector line and the orthog- 
onal regres sion respectiv e ly. Th e sh aded region represents the 
relations of IRanalli etall d2003l) and IPersic & Rephaelil d2007l) 
and the dotted line the relation of iGrimm et al] d2003l)T The SFR 
scale is also shown for comparison on the top axis. 



LMXRB content using the relation of Gilfa nov etaf] d2004l) : the 
results are presented in Tab. [2] We find that the combined X-ray 
luminosity of LMXRBs is two orders of magnitude fainter than 
the total X-ray luminosity and thus not enough to have an effect 
on the L x - Lsfr correlation. 

In Fig. [5] we plot two different hardness ratios for emission 
and absorption like systems. HR1 refers to the hardness ratio be- 
tween the (0.5-2.0)keV and (2.0-4.5)keV bands, whereas HR2 
refers to the (2.0 - 4.5) keV and (4.5 - 7.5) keV bands. As dif- 
ferent sources have been observed with XMM-Newton in differ- 
ent modes with different CCDs and different optical light block- 
ing filters, to have consistent hardness ratios, we transformed 
all count rates to the PN CCD with thin filter mode, correcting 
for the respective galactic absorption of each source. Late-type 
galaxies are represented by blue colour and early-type by red. 
The errors in the count rates of each source have been taken into 
account to create a 2 dimensional gaussian to be used in creating 
the colour representation of Fig. [5] All sources by selection have 
HR1 < -0.2. We can see that the bulk of the late-type galaxies 
appear soft in both hardness ratios, which is not a typical be- 
havior of HMXRBs, therefore a contribution of another X-ray 
source should be considered. 

In studies of nearby galaxies, where the X-ray emission 
from point sources can be resolved out, the diffuse emission 
from hot gas is ge nerally spatia l ly coincident with star for- 
mation regions (e . g. iDoane et all l2004t IWarwick et all [2007; 
lOwen & Warwick 120091) . consistent with its heating mechanism 
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Fig. 5. X-ray colour-colour diagram. HRl and HR2 are the hard- 
ness ratios between the (0.5 - 2.0) keV and (2.0 - 4.5) keV, and 
(2.0 - 4.5) keV and (4.5 - 7.5) keV bands respectively. Open 
circles represent late-type and filled circles early-type galaxies. 
Blue and red coloured gaussians are plotted at each late and early 
type point respectively, with their standard deviations equal to 
the uncertainty of the hardness ratio of each point. 



being supernova explosions and the winds of very m assive stars, 
possib ly with a small contribution from the bulge dTvler et all 
I20041) . The origin of it in star forming related properties would 
make its contribution scale linearly with the star for mation rate 
and n ot affect the slope of the L x — Lsfr relation. iPersic etaO 
(2004) find that considering only the X-ray contribution of the 
point sources in their sample of star forming galaxies, that af- 
fects only the scatter of the L x - Lsfr relation (making it smaller) 
and not the slope which is in both cases linear. 

In order to test the non-linearity of the L x - Lsfr rela- 
tion, we attempt to reproduce it using other proxies of star 
formation rate than the Ha luminosity. The far infrared lu- 
minosity is a good example and we search for FIR counter- 
parts of the late-ty pe galaxies in the comb ined sample of this 
study and that of Georgaka kis et alj d2 006) in the IRAS faint 
source catalogue (Moshir et al., 1990). We detect 8 sources 
and calculate their FIR luminosities 



using the formula of 
iHelou. Soifer & Row an-Rob inson! d!985l) . We find tentative ev- 
idence that the L x - Lfir is flatter than linear (b = 0.81 + 0.09 
and b = 0.76 + 0.11 using again the bisector and the orthogo- 
nal regression lines). However the number of data points is too 
small to allow us to extract conclusive results; moreover ear- 
lier studies of the L x — Lfi r relation using larger samples (e.g. 
Fabbiano & Shapleyl |2002|) are in agreement with a linear rela- 
tion. 

We must caution here two e ffects that might b i as our data. 
Our sample and also th ese of IGeorgaka kis et all d2004l) and 
[Georgakakis et al. (2006) are selected using an f x /f cut-off and 
are thus flux limited in the X-rays. A flux limited sample could 
introduce a bias in the L x - Lsfr relation flattening it. Also, the 
star formation rate is proxied by the luminosity of the Ha line. 
The Ha flux is measured through slit spectroscopy and this tech- 
nique allows only a fraction of the light of the source to be de- 
tected. The slit width is 1", which corresponds to 3.4kpc at a 
redshift of 0.21 and to 0.23 kpc at a redshift of 0.0115. This is 
significantly smaller than the typical diameter of a spiral galaxy. 
Moreover, this effect is more severe for galaxies at lower red- 
shift, which are the less luminous in flux limited surveys. This 



introduces a bias in the L x - Lsfr relation and more specifically it 
flattens it. If we ch eck the norma l izatio n of t he L x - Lsfr we de- 
rive w ith respect to lRanalli et all d2003l) and (Persic & Rephaeli, 
2007) (shaded region in Fig. [4] see also Hornschemeie r et all 
2005 and references therein), we find an agreement for luminous 
sources (at higher redshifts) and a deviation of fainter sources 
(a t lower redshifts). Interestin gly, the normalization in the case 
of iHornsc hemeier et al. (2005) where there is a correction ap- 
plied to the Ha fluxes to compensat e for the aperture e ffect 
seems to be in good agr eement with Ran alli et all d2003l) and 
IPersic & Rephaelil d2007l) . 

To further investigate the aperture effect to our data, we com- 
pile a sample of (nearby) normal galaxies with measured X- 
ray and integrated H a luminosities. We us e the EINSTEIN spi- 
ral galaxy sam ple of IShaplev et alj d200ll) and c ombine it with 
the sample of iTrinchieri. Fabbiano & Bandieral d 19891) , whic h 
uses integrated Ha measured from [Kennicutt & Kent] dl983l) . 
We find 30 common sour ces between th e two s amples, not in- 
cluding sources from the Shapl ev et alj ([ToOl) sample which 
show evidence for non-stellar ionizing source. We transform the 
X-ray luminosities to the 0.5 - 2.0 keV band using a power- 
law profile with T = 1.9. We also adopt the distances from 
Shapley_etal](2001) and transform the Ha luminosities accord- 
ingly. The L x - Lua pairs are plotted with triangles in Fig. [4] 
(arrows indicate upper L x limits). We can see that these data- 
points lie close to the shaded area and are systematically more 
Ha luminous compared to the data-points of this study, and the 
bisector line fit (not taking upper limits into account) has a slope 
of/3 - 1. 05 + 0.10. We therefore conclude that it the "aperture ef- 
fect" of slit spectroscopy plays an important role in the flattening 
of the L x - Lsfr relation. 

6. Summary and Conclusions 

In this study we select normal galaxies from the XMM-Newton 
first serendipitous source catalogue (1XMM). We select soft 
sources with reliable detections and compare their X-ray with 
their optical fluxes. After selecting candidates with log(/ x // ) < 
-2 we examine their morphologies to remove any contamination 
from Galactic stars. This way we are left with a sample of 44 
sources (in the southern hemisphere). We observed 35 of them 
with the ANU's 2.3 m telescope to derive their optical spectra. 
Of the 35 sources, 4 are Galactic stars, 2 are associated with 
AGN, and 6 have featureless spectra and are probably associated 
with BL-Lac objects. The remaining 23 (65.7%) are indeed nor- 
mal galaxies with emission (11) and absorption-line (12) spectra. 

We examined the sub-sample of emission line galaxies (late 
type) to derive their star formation pr operties. For this purpose 
we combined our samp l e with those o flGeorg akakis et al. (2004) 
and IGeorgaka kis et all (j2006). We find tentative evidence that 
the X-ray luminosity does not scale linearly with star formation, 
approximated by the Ha luminosity, this result is however sensi- 
tive to observational and selection biases. The normalization of 
the L x - Lsfr relation agrees with previous studies at the lumi- 
nous end, indicating underestimation of the Ha luminosities for 
fainter sources. 
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ergs 1 
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1703 


J005818.3-355548 


0.0489 ± 0.0008 


6.421 x 


10" 


"5 — 


40.53 


15.64 


-2.436 


40.82 


14.585 


42 


84 


emission 
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7.858 x 


10" 




41.51 
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- 
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43 


95 


absorption 
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0.0115 ± 0.0003 


2.571 x 


10" 


4 
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41 
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emission 
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- 
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- 


15.38 


-2.492 


- 


- 






featureless 
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J022456.2-050801 


0.0837 ± 0.0008 


2.769 x 


10" 


4 


41.67 


12.57 


-3.032 


- 
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43 
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absorption 
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J022536.4-050012 


0.0530 ± 0.0002 


1.940 x 


10" 


4 
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43 
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emission 
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4 
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43 
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4 
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4 
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4 
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14.82 


-2.119 


- 


- 
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43 
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4765 


J03 1845. 0-44 1042 


0.0735 ± 0.0006 


8.163 x 


10" 


^ 


41.02 


12.95 


-3.408 


42.20 


14.664 


43 


18 


emission 


4927 


J03383 1.4-35 1421 


0.139 ±0.003 


9.464 x 


10" 


4 


42.66 


13.31 


-2.202 


40.85 


- 






composite 
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43 
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43 
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7355 


J055940.7-503218 


0.197 ± 0.020 


8.546 x 


10" 


5 
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44 


10 


absorption 
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^ 


- 
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- 
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4 


- 
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- 






not observed 
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5 


- 


13.59 
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- 


- 






not observed 
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10" 


4 
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not observed 
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- 
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- 
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not observed 
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4 


- 
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- 
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not observed 
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- 
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not observed 
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43 
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Fig. 1. Optical (R) images of the normal galaxy candidates, centred on the X-ray position. The inner radii of the crosses are 6 arcsec 
and the outer 30 arcsec. 
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Fig. 1. continued. 
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Fig. 3. Continued. 
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Fig. 3. Continued. 
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Rovilos et al.: Normal galaxies in the XMM-Newton fields 
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Rovilos et al.: Normal galaxies in the XMM-Newton fields 
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